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Introduction
Magnetic thin films based on the giant magnetoresistance (GMR) and colossal magnetoresistance (CMR) effects are currently
being used as sensor head in the magnetic data storage technology. With the technoiogical revolution in the magnetic recording
world of last decades, a need for better and more sensitive magnetoresistance materials as head sensing elements arises. GMR
effect is commonly observed in magnetic multi layers films (Zhang and Levy 1991). However this effect is now observed in
granular films, which composed of magnetic entities embedded in metallic matrix (Andres et al 1999). The larger the
magnitude of the MR, for the relevant magnetic field strength, the more useful is the material. This can be accomplished by
modifying the alloying compositions of the films. The effect is a useful property for detecting magnetic fields and is used to
read the state of magnetic bits in advanced magnetic disk drives. Dramatic changes in resistance upon application of a
magnetic field are also observed in manganese perovskite R-A-Mn-O ceramics (R-rare earth elements; A- divalent alkaline
earth ion). This material that has a much higher MR values called CMR materials is also being research into. Early studies on
the structure, magnetic and transport properties ofR-Mn-03 (R-La, Pr) showed that this material is insulating. However by
doping with some divalent alkaline element, the perovskite show interesting magnetic behaviour and transport properties.
These impurities function as acceptors transforming the initially antiferomagnetic and insulating crystals into ferromagnetic
and highly conductive materials.
Materials and Methods
This research work involved in the synthesis of bulk Colossal Magnetoresistance (CMR) materials of La-Ca-Mn-O (LeMO)
and La-Sr-Mn-O (LSMO) and La-Ba-Mn-O (LBMO) systems synthesized using conventional mixed-oxide solid state
sintering method and coprecipitation method. The effect of doping of various elements on Ca, La or Mn sites was also studied.
The bulk properties of the ceramics were carried out. Pulsed Laser Ablation Deposition (PLAD) system, developed at UPM,
was used to deposit thin films were on glass substrates at substrate temperature less than 400°C. Besides CMR films, Giant
Magnetoresistance (GMR) films had also been fabricated using Pulsed Laser Deposition and RF Magnetron Sputtering system.
The films are based on the alloys of magnetic elements being embedded in the non-magnetic matrix's, such as CO-Ag, Ni-Fe-
Cu. The films are termed as granular films. Surface and crystalline of the films were studied using SEM, AFM and XRD. The
MR values were measured using a four-point probe technique. The electrical resistance was measured in the temperature range
of 20-300 K by a standard four- point technique using a constant current source of 24 rnA. Ac susceptibility measurements
were performed in then temperature range of 20-300K using an Ac suseptometer (Lake shore Cryotouics- Model 7000).
Identification of phases was done using a Siemens XRD machine with Cu Ku radiation. SEM observed the microstructure of
the samples. MR was measured between 77 K to room temperature in the applied dc field of 0-1 Tesla, using a spring-loaded
four-point probe.
Results and Discussion
The electrical resistance of the LCMO and LBMO materials in zero applied fields showed a semiconductor-metal transition at
temperatures lower than room temperature. This transition may be Anderson-Mort transition, as discussed by Beltiz and
Kirkpatrik. At about the same temperature, this material also exhibits ferromagnetic-paramagnetic transition. This
phenomenon is explained using the double exchanged mechanism. Phase transition was also studied by doping LCMO and
LBMO with either magnetic or non-magnetic elements. Magnetic elements tend to destroy the ferromagnetism more than the
non-magnetic elements (Koh 200 I). Bulk CMR materials show exciting magnetic and transport behaviour, where at a
particular temperature, this material exhibits Anderson-Mort transition as well as ferromagnetic-paramagnetic transition. These
phenomena could be explained via double exchange mechanism.
Thin films of the manganite or magnetic alloys fabricated via pulsed laser ablation method or RF sputtering shows the
following characteristics;
i) The temperature dependence of the resistance of bulk and film samples show metal-like behaviour, observed for the entire
range of measurement (50K to 300K) for the LSMO bulk sample. From previous report, Tp for LSMO bulk is about 330K.
Hence, metal-insulator transition (T p) is not observed here. In this region, the electrical transport mechanism that is dominant
is the double exchange (DE) mechanism, which bring along the ferromagnetism. However, Tp for both 3.5 urn and 1.7jlm
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films drop at around 175K. This could be related to the presence of superparamagnetism (SPM) or grain boundaries (GBs)
region where DE mechanism is discontinued or blocked and hence lowering the electrical transportation.
ii) The as-deposited ceramic film shows amorphous phase and will transform to polycrystalline state when heat treatment is
applied. The magnetic property of the film is only moderately changed, while the resistivity and magnetoresistance are
strongly affected. The trend ofCMR curve for the ceramic film is quite similar in higher temperature. But at low temperature,
it shows higher CMR value due to the polarization of electrons in the magnetically disordered regions near the grain
boundaries.
iii) Low field effect of CMR was observed in the LSMO system.
iv) The GMR effect is highly influenced by the shape, size and distribution of the magnetic entities, which can be controlled by
preparation condition and post annealing, and also composition and thickness of the films. The highest GMR value for
Ag87.0Fe~.5C03.5 granular film is about 7.6% measured at room temperature.
Conclusions
The following conclusions can be made;
i) The low field effect ofCMR films in the LSMO system at room temperature is a potential candidate us sensor elements for
magnetic device applications.
Benefits from the study
This study provides the following informations;
i) Colossal magnetoresistive thin films can be successfully fabricated by pulsed laser ablation method and RF sputtering.
ii) The films with huge MR are good candidate for potential applications as magnetic sensor elements that can be incorporated
into MEMS technology.
iii) Magnetic filmsin the form of multi layers and spinvalve can be fabricated using these techniques.
iv) The technical know-how on the aspect of Pulsed Laser Ablation can be rendered to other potential users.
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